ABSTRACT
A relay node architecture is included in LTE with the purpose of increasing the capacity of the system and the coverage area [2, 3] . The relay node architecture is schemed to support mobility in LTE-A Release 12 [4, 5] . From a technical point of view, similar to the fixed relay node (FRN), the mobile relay node (MRN) is connected to the Donor Evolved Node B (DeNB) node via a radio interface backhaul link (named as Un) for data transmission. Moreover, to exchange control information, the MRN is associated to a mobility management entity (MME) and Evolved Universal Terrestrial Radio Access (E-UTRAN). In addition, the user equipment (UE) is connected to an MRN located either in the vehicle or in a public transportation vehicle, such as a train or bus. Figure 1 contains a diagram showing the MRN architecture. The passengers in the vehicle do not use handover (HO) between the base stations; MRN only executes HO by using the outer antenna of the vehicle [4] . The two main problems associated with MRN HO procedures are that: (1) they require radio resources to be reserved for the MRN HO call; and (2) they need to be instructed on how to finish HO procedures of the train before losing the signal of the serving cell. In LTE systems, call admission control (CAC) functions to manage radio resources, as well as call blocking or acceptance. When admitting calls, CAC can either process a new call or an HO call based on the availability of resources in the target cell. The radio resources are efficiently utilized, and the quality of service (QoS) in terms of UE requirements is satisfied. In addition, the target cell should provide resources for the MRN and its connected UE during the HO procedure and cell residence time. Therefore, our proposed CAC scheme is required to realize radio resource reservations for three call types (a new call, UE HO call and MRN HO call) and to minimize the dropping of MRN HO connections simultaneously. If CAC blocked the MRN HO call, MRN would have to re-initiate the HO procedure to the other DeNBs. This, in turn, requires more time for HO, and as a result, a further delay and increased HO failure rate is introduced.
The main part of mobility management for MRN is the HO scheme that can be used to support seamless connectivity for a mobile terminal moving into the overlap area. The HO of the LTE system with MRN is based on network-controlled hard handover (NCHH) [4] . The hard HO is a break-to-make method, in which old link between the MRN and the source eNodeB is released before the new link (between the MRN and the target eNodeB) is established. Otherwise, MRN HO reuses conventional NCHH. It is well known that the typical HO process consists of preparation, execution and completion [6] . Conventional NCHH is more satisfactory in a lowmobility environment. Why is it not satisfactory for use with a high-speed mobility environment? High-speed mobility in the overlap area has the advantage of a reduced ping-pong HO ratio for the passengers of the vehicles, but it also imposes disadvantages resulting from an increased radio link failures (RLF) ratio, service interruption and a reduced HO success rate. In contrast, low-speed mobility causes UEs to incur a high ping-pong HO ratio and a low RLFs ratio. An enhanced HO scheme is therefore crucial to solving these problems. Our proposed HO scheme would enable a reduction in RLF and would increase the probability of HO success in a highspeed mobility environment.
The main aim of this paper is to propose an enhanced HO scheme capable of dynamically tuning HO hysteresis (HH) based on the velocity of the train. HH is the main parameter that can manage the starting point of the HO procedure in the preparation step. Then, to reduce the HO dropping probability (HDP), we reverse the radio resources for the MRN HO procedure.
Wireless networks based on a CAC scheme have been described and studied in many papers. In [11] , the authors analyzed the adaptive resource allocation scheme for two cases, namely with both non-priority and guard-channel schemes for the adaptive HO scheme, and the corresponding simulation results showed that adaptive schemes are able to reduce the dropping probability of HO connections. In [12] , the authors introduced an adaptive CAC algorithm to complement the resource reservation mechanism with a bandwidth reallocation policy. The proposed scheme was shown to significantly reduce the probability of new call blocking and HO call dropping. The self-optimization of the CAC is being investigated in the SOCRATES (Self-Optimisation and self-ConfiguRATion in wirelEss networkS) project [13] for LTE and next generation mobile networks.
The HO for MRN is introduced similarly to a regular UE HO (which is named NCHH) in 3rd Generation Partnership Project (3GPP) Technical Report 36.836 [4] . Researchers introduced an HO scheme for relay-based networks. Chen proposed an HO-based relay enhanced for UE [7] . They proposed a novel HO scheme based on a cost function, including signal cost and throughput on LTE cellular relay networks, and compared their scheme with conventional NCHH of an LTE network. Moreover, [8] introduced a cell selection mechanism for mobile relay operations based on the geometric boundary of the cell and the obtained location of the UE. The analysis and simulation results presented in [3] are related to moving relays and mobility optimization for relay-enhanced networks. In addition, RSS-based HO was introduced between the serving DeNB and the target DeNB for LTE relay architecture alternatives, Alt1 and Alt2 [5] . A cost-based vertical HO algorithm decision with a combination of the prediction of SINR (signal to interference plus noise ratio) in heterogeneous wireless networks has been demonstrated [9] . A cost function was introduced on the basis of multi-attribute QoS, and an approach for optimal network selection was introduced. In [10] , Thomas researched the relationship between hysteresis and time-to-trigger and presented an adaptive HO scheme based on HO performance indicators. First, we investigate an adaptive HH scheme based on the train's velocity to increase the HO performance of hard HO in an LTE system. The aim of the adaptive HH scheme, which is based on the speed of the vehicle with MRN, is to influence the HO triggering. Moreover, the proposed HO can increase the time for the HO procedure, including the time required by the security policy and data re-routing, when the velocity of the vehicle is high in the overlap area. Second, we propose a CAC scheme to reduce the dropping ratio of MRN HO calls. The aim of the proposed CAC is to support radio resource reservation for MRN HO calls.
ADAPTIVE HANDOVER HYSTERESIS
The MRN is always controlling Reference Signal Received Power (RSRP) of the serving DeNB. When MRN reaches the boundary of the serving DeNB or the designated criteria, the measurement is performed and sent to the serving DeNB. The candidate target DeNBs in this measurement report are related to the serving DeNB by utilizing the X2 interface to estimate the load of all of the target cells and then to generate a priority list based on load. The cell boundary is the starting point of overlap between the neighbour cells. , the serving DeNB sends a command to the MRN requesting a new hysteresis calculation and the target DeNB. The point at which the RSRP value of the target DeNB exceeds the value of the serving DeNB is named minimum hysteresis. A selected HH can provide efficient HO decisions and triggering that can manage a starting point of the HO procedure in the preparation step of the hard handover procedures. In the proposed scheme, the HH (H) value is automatically adjusted and calculated by Equation 1 . 
CALL ADMISSION CONTROL
The serving DeNB send the "HO request" with context information to the target DeNB, if Equation 2 keep during the preparation step of the HO procedure. The "HO request" with context information include of the number of MRNs outside antennas and the connected devices of passengers. After handling the "HO request" on the target DeNB, the CAC scheme allocates a radio resource for the received request. The resource management consists of CAC, the efficient utilization of power and a channel allocation strategy. CAC denotes the process of admitting a new call or an HO call, based on the availability of resources in the target cell. The utilization of power controls the transmission power between the target cell and the MRN. Moreover, the target cell classifies calls when a connection request arrives. In CAC, two important QoS parameters are the new call blocking probability (NCBP) and handover call dropping probability (HCDP), both of which apply during the HO procedure. The NCBP is the probability of dropping a new call during the HO procedure, whereas HCDP is the probability of HO failure or dropped HO calls by the target cell. If the available resources are insufficient in the target cell for accepting the HO calls, the target cell will drop them. The result of this is an increase in the unsuccessful HO ratio. The typical CAC schemes can reserves the radio resource for HO calls and the new calls (two classifications) in the target cell. In this point, the HO call of MRN is the same as HO calls of UEs.
In proposed CAC scheme, calls are classified according to three types: HO calls of MRNs, HO calls of UEs and new calls. Additionally, if HO calls of MRNs in received, CAC need reserve the radio resources for the connected devices of passengers. Moreover, we propose a CAC scheme for the wireless network, which provides a radio resource allocation policy with three classes and prioritizes MRN HO calls over UE HO calls and new calls. The focus of the proposed CAC scheme is to improve the utilization of radio resources in order to reduce the dropping probability of MRN HO calls.
The proposed scheme is based on the guard channels scheme that can reserves channels separated the HO calls of MRN and HO calls of UEs. On the other words, the total channels of the target cell are divided into three parts, HO calls of UEs, HO calls of MRN and new calls. The system model for our scheme is shown in Figure 3 . For example, C1-C2 are reserved for HO calls of UEs, C2-C3 are reserved for HO calls of MRN and devices of passengers, and the remaining channels (Channel 1-C1) are shared by all calls. When a new call arrives, the target cell will check the channels up to C1. If channels are not available, the target cell drops the new call it has received. Upon arrival of an HO call of UE, the target cell first checks the channels between C1 and C2. If channels are not available, the target cell checks between 1 and C1. If it is unable to find an available channel, the HO call of UE is dropped by the target cell. When an HO call of MRN arrives, CAC gets the number of the connected devices from "HO request" with context information. Then, the target cell checks between C2 and C3, and if no channels are available, it again checks between C1 and C2. If no channels are available, the target cell checks between 1 and C1. The result of this procedure is that, because none of the channels of the target cell are free, the HO call of MRN is dropped. Figure 4 describes the procedure of our scheme. 
SIMULATION RESULTS
This section presents the simulation of our schemes. First, we simulated an adaptive HO scheme based on the velocity of the vehicle equipped with an MRN. Second, we simulated two CAC schemes, the conventional and the proposed CAC schemes.
ANALYSIS OF THE PROPOSED HANDOVER
Our proposed the adaptive HH scheme is simulated on the open source LTE-sim [15] . For simulation purposes, a connection manager application was used to modify and implement in order to control connection quality between the serving DeNB and the MRN. In addition, we have to modify and add the DeNBs for calculating the load of the target DeNBs by considering sending a request to the target DeNBs to receive the necessary information and to repeat the sorting of the target DeNBs according to their load. Table 1 lists all of the parameters of the simulation. Figure 5 shows the scenario we used for our simulation. It consists of a homogeneous network with urban cells (the radius is 1 km) that includes five LTE eNBs, the MRN-installed vehicle (a train) and its number of connected UEs between 10 and 50. The MRN is equipped with a transparent router between the outside and inside antennas. The cell boundary and overlap of neighbouring cells is 300 meters. At the beginning of the simulation, the MRN is connected to the serving DeNB. At the starting point of the overlap area, the MRN make a measurement report for HO and send to the serving DeNB. After received this report, the serving DeNB calculates the HH and to run a cell selection scheme based on the load of the candidate DeNBs. However, the MRN controls the RSRP of the serving and target DeNBs, if the conditions in Equation 2 are fulfilled, by starting time-to-trigger. A simulation can effectively show the difference between the static hysteresis-based conventional HO and the proposed HO with dynamically changed hysteresis based on the speed of the train. Figure 6 shows the simulation results of the HO triggering probability with the location of the train equipped with MRN and five different speed scenarios up to 350 km/p. The x-axis is the distance between the train with the MRN and the serving DeNB. Starting from the location x = 840, the RSRP of the target DeNB starts to overbear the RSRP of the serving DeNB. The resulting HO triggering probability increases at the location x = 850, and the velocity is typically higher rather than lower. Further, the triggering probability increases abruptly up to 90 percent of the distance between the locations x = 875 and x = 925. Thus, our proposed HO scheme is capable of triggering the probability based on velocity. At the location x = 850, the signal quality of the target DeNB is sufficient to meet the communication requirement. In addition, the proposed HO scheme can provide the HO decision, and the starting time satisfies the high-speed mobility environment. Figure 7 shows the simulation results of the RLF ratio with different MRN velocities in the interval [120, 350] . In the figure, our proposed HO scheme with adaptive HH compares hard HO with the received signal strength based scheme that employs regular UE HO based on static HO parameters, as defined by the 3GPP standard, which has been reused for MRN [4] . In a low mobility environment, the two schemes behave similarly. However, when the MRN runs at high speed, the change in the RLF of the proposed scheme is low. It is also observed that as the speed increases, the proposed scheme to decrease the HH value. This is because in the proposed scheme the train with high-speed required smaller HH value than the user devices with low-speed. As a result, the HO procedures start too early. If the train leaves from the coverage of the serving DeNB before the HO procedure was completed, the number of RLFs increase. RLFs is dropped HO calls before the HO procedure was completed, if the train leaves the coverage of the serving DeNB. Moreover, the device makes a new connection with the available cell. In other hands, HO procedure failed (not RLFs), MRN must re-connect to the serving DeNB and restart the HO procedure. 
ANALYSIS OF THE CAC SCHEME
In this subsection, we present our analysis of the effectiveness of the proposed CAC, which performs the task of reducing the HO dropping probability. We consider three priority classes in the homogeneous system: new calls, HO calls of UEs, and HO calls of MRN. The call arrivals are generated based on Poisson process with a mean arrival rate of (calls/s). Simulation model and parameters are considering Table 1 . We choose a set other parameters: the channel C3 is the number of all radio resources on the target cell, guard channel C2 is 75 percent of all radio resources, and C1 is 50 percent of the remaining radio resources.
Furthermore, the performance is evaluated with/without the effect of the proposed CAC using the following performance metrics: (i) the new call blocking probability is defined as the faction of new calls that are blocked on the target cells; (ii) the UE HO dropping probability is defined as the faction of HO call of UE attempts that are blocked because of lack of available channels; and (iii) the MRN HO dropping probability is defined as the faction of HO call of MRN attempts that are blocked because of all channels being unavailable. Figure 8 shows the difference between the proposed and the conventional CAC schemes. The non-priority based conventional CAC cannot reserve channels for HO calls. In other words, conventional CAC that used FIFO (first input first out) algorithm and will drop calls (both new calls and HO calls) if all channels are busy [14] . The proposed CAC separated HO calls of MRNs and HO calls of UEs. The "NCBP non-prioritized" and "HCDP non-prioritized" are the NCBP and HCDP when conventional CAC was active, respectively. The "NCBP proposed", "HCDP proposed" are NCBP and HCDP of MRN and its connected UEs when the proposed CAC was active, respectively. The y-axis represents the call blocking probability between zero and 25 percent. From figure, we observe the new call blocking probability and the handover call dropping probability increase as the arrival rate increases. The blocking and dropping probability of the conventional CAC are same during the simulation time. The change in the NCBP of the proposed scheme is low. Furthermore, HCDP of MRN is lower than NCBP because of the guard channels and high priority reservation for HO calls of MRNs. In addition, HCDP of MRN is increased as the number of connected UEs increases because of the CAC scheme need reserve larger radio resources for the larger number of the connected UEs. In the proposed CAC, the new calls are the lowest priority. The results of proposed CAC can be explained by the processes of the proposed scheme: radio resource reservation, three call classification and giving the high priority to HO calls of MRN in the admission step. In addition, our proposed scheme prioritizes HO calls of MRN over HO calls of UEs and new calls (HO calls of MRN are high; HO calls of UEs are medium; and new calls are low). The HO call of MRNs was the same as the HO calls of UEs in the conventional CAC scheme. From this point of view, conventional CAC can reserve one radio resource for MRN. Therefore, the CAC scheme would need to support MRN and its connected devices. To address this need, our proposed CAC reserved the radio resources for MRN and its connected UEs.
CONCLUSION
This paper presents an adaptive HH scheme and CAC for MRN in a 3GPP LTE-A system. First, we introduced an adaptive HH scheme between the DeNBs in the LTE network with NCHH. Our proposed scheme focused on adaptive HH of a hard HO based on MRN velocity. We compared our proposed scheme with the static HH based NCHH scheme in terms of RLF ratio and HO triggering probability. The result of the simulation showed that our proposed HO scheme has an increased success rate during HO procedures. Subsequently, we compared the performance of the proposed CAC scheme and conventional scheme. Our proposed CAC scheme was shown to reduce the HO call blocking ratio. In addition, the proposed scheme can reserve the radio resources for MRN and its connected UEs.
